Objective: To investigate if eating habits among adolescents are related to body fatness and gender. Design: Cross-sectional study. Setting: Obesity Unit, Huddinge University Hospital, Sweden, 2001Sweden, -2002. Subjects: Two hundred and seventy-five girls and 199 boys, aged 16-17 years. Method: Questionnaires were used for dietary intake and meal frequency, BodPod for measuring body fatness (BF%). In all, 169 girls and 128 boys were classified as adequate reporters (AR) of energy intake, and were used in the dietary analyses. The whole sample was used in the meal frequency analyses. Results: The correlation between reported energy intake and weight in the AR group was 0.23 (Po0.01) for girls and 0.36 for boys (Po0.001). The correlations were inverse or not significant in the whole sample. The following variables correlated significantly with a high BF% (r s ¼ 70.2): a low intake of milk in both girls and boys, a high intake of fibre and alcohol and a low intake of sugar in girls and a low intake of breakfast cereals in boys. Those with regular breakfast habits had healthier food choices than others, but this was not related to BF%. Boys had more meals per day (4.9 vs 4.6, P ¼ 0.02), especially early in the morning and late at night, whereas girls reported a higher relative intake of light meals and fruit and a lower intake of milk than boys. Conclusions: A few associations between eating habits and body fatness were found, but without any obvious patterns. The true differences in eating habits between lean and overweight adolescents are probably very small.
Introduction
The prevalence of obesity in children, adolescents and adults has increased during the last decades globally as well as in Sweden, (Freedman et al., 1997; Lissner et al., 2000; WHO, 2000) . It is generally accepted that obesity is the result of an excessive food intake in relation to energy expenditure, but there are many hypotheses trying to explain the obesity epidemic. The amount of physical activity (PA) is of course crucial to this imbalance, even if researchers mainly have focused on dietary causes. Diets high in fat have been shown to have associations with obesity (Astrup et al., 2000) . Also micronutrients, such as calcium, have been discussed (Zemel et al., 2004) along with certain food components such as soft drinks (Ludwig et al., 2001) . Data, using national food balance sheets, suggest that it is the total energy intake that has increased over the last decade rather than that the composition of the diet has changed (Silventoinen et al., 2004) . The dietary causes of obesity are complex, and despite all these results, still poorly understood. What young people eat today might reflect what the adult population eats and weighs tomorrow, and several studies of Swedish adolescent food habits have been published the last decade (Bergström et al., 1993; Samuelson et al., 1996; Höglund et al., 1998; Larsson and Johansson, 2002; von PostSkagegård et al., 2002; Sjöberg et al., 2003) . None of these studies have compared their dietary results with any overweight measurements, except for Sjöberg et al. (2003) who found a higher mean weight in subjects with less regular breakfast habits. Body mass index (BMI), frequently used as a measurement for overweight because of its simplicity, is a very blunt tool for classifying overweight and obese subjects (Wellens et al., 1996; Deurenberg et al., 1998) , especially in children and adolescents (Neovius et al., 2004) . Some of these studies above report differences in dietary intake between girls and boys, but the gender differences have not been their primary aim. However, it is indeed important to study gender differences, since different eating habits may require different health messages to girls and boys.
The aim of this study is to investigate the relationships between body fatness and food habits, with a gender perspective, among 16 to 17-year-old Swedish adolescents.
Methods

Subjects
Stockholm Weight Development Study (SWEDES), include 481 16 to 17-year-old adolescents and their mothers. Data were collected during [2001] [2002] . SWEDES is a crosssectional study, but with several longitudinal aspects, and is a continuation of a previous study from 1984 to 1985 including 2423 pregnant women (Ö hlin and Rössner, 1990) . The objective then was to study weight development during and after pregnancy. In SWEDES these mothers were invited again, now together with their adolescent offspring. About 20% of the original women responded positively to our invitation. Detailed dropout analyses revealed that there was no difference between the group of mothers participating in SWEDES and the other 1861 regarding age. Neither were there differences in prepregnancy weight, height and BMI, nor in weight gain during and after pregnancy, birth weight of the child or weeks of gestation. Regarding the BMIdevelopment data of the children collected retrospectively from maternity and school healthcare records, the participants at each annual measurement did not differ regarding birth weight or week of gestation from the original sample at any age (Neovius, 2005) .
Numerous lifestyle-related parameters related to weight have been measured and examined in SWEDES, all described in detail elsewhere (Neovius, 2005) . In this substudy only the parameters regarding food intake and food habits in the children were analysed together with body fat measurements. In total, 474 subjects completed the dietary questionnaires and were included in this paper. Four girls and three boys did not complete them, either because of lack of comprehension or because they refused to. Subjects included in the present analyses are described in Table 1 .
Anthropometric measurements. Weight, height, waist-circumference (WC), hip-circumference (HC) and body fat % (BF%) were measured at the Obesity Unit, Huddinge, Stockholm. Weight was measured to the nearest 0.1 kg and WC and HC, to the nearest 0.5 cm, with subjects standing dressed in underwear. Standing height was measured to the nearest 1.0 cm. BF% was estimated by densitometry via air-displacement plethysmography measurements using the BodPod Body Composition System (Life measurement Instruments, CA, USA). Two measurements were performed on each fasting subject according to the instructions and recommendations of the manufacturer. The correlation coefficient between BMI and BF% was 0.73 in boys and 0.72 in girls .
SOS dietary questionnaire.
A validated dietary questionnaire from the Swedish Obese Subjects (SOS) study was used to assess dietary intake in terms of energy and macronutrient intake, as well as intake from different food groups (Lindroos et al., 1993) . The questionnaire is validated in regard to energy intake, not only in adults (Lindroos et al., 1993) , but also in 18 (nine boys/nine girls) 15-year-old adolescents using doubly labelled water (Lindroos et al., 1995) . In both girls and boys the reported mean energy intake did not differ significantly from measured energy expenditure. The questionnaire is a simplified dietary history, covering the dietary intake during the past 3 months. Emphasis is placed on portion sizes for cooked meals and the questionnaire includes coloured photographs to assist subjects in describing this aspect. The amounts of the three basic food groups (meat/fish, potatoes/rice/pasta and vegetables) are given separately for three periods: Mondays to Thursdays, Fridays and Saturdays to Sundays. In addition, the amount of snack food is quantified, using sizes for preconfectioned packages as sold in Sweden. The bread type, thickness and contents of sandwiches are quantified in great detail. In other respects, this questionnaire is fairly typical for the frequency approach. Subjects need about 20-30 min to complete the questionnaire. The amounts of food reported were converted into grams, from which the daily intake of macronutrients were computed using food-tables from the Swedish National Food Administration (Livsmedelsverket, 1986 The subjects were also asked about their breakfast habits. The subjects were asked how many times per week they normally eat breakfast, choosing from never, 1-4 times per week, 5-6 times/week or daily. They were also asked to tick the alternative (out of seven) best matching their usual type of breakfast, including 'no breakfast' and 'only beverage'.
Meal pattern questionnaire. Subjects completed a specific meal pattern questionnaire (Berteus Forslund et al., 2002) to describe meal frequency. The subjects were asked to describe how they would eat on an ordinary day, specifying time for meal and type of meal. Four different meal types were defined: main meal, light meal/breakfast, snack meal and drink meal. There was no absolute definition of each meal but examples were given in the questionnaire. Examples of a main meal: cooked dish, soup with bread, salad with bread, pizza. Examples of a light meal/breakfast: porridge, breakfast cereals, sandwiches, soup, salad, omelette. Examples of a snack meal: sandwich, cracker, cookie, cake, bun, fruit, candy, chocolate, ice cream (with or without beverage). Examples of a drink meal: coffee, tea, soft drink, juice, milk, beer, wine. Breakfast was classified here as a light meal in order to differentiate it from main meals and snack meals. Note that light meal here has a different definition from light meal in the dietary questionnaire above. Eating occasions is defined here as the total number of main meals, snack meals and light meals/breakfast, not including drink meals.
PA questionnaire. A self-administered questionnaire, SAPAQ (available for download from the Int J Obes homepage), was used to assess PA (Ekelund et al., 2006) . This questionnaire is developed to collect information on frequency, duration and intensity of PA in three different domains (i.e. at school, transportation and leisure time) during the last 7 days. Total metabolic energy turnover (MET)-minutes calculated from the questionnaire were significantly correlated to the total amount of PA as assessed by accelerometry, indicating a reasonable validity of the questionnaire (Ekelund et al., 2006) .
Identifying under-and over-reporters of energy intake
Under-reporters (UR) and over-reporters (OR) of energy intake is often a major disturbance in dietary assessment data. To get a comprehensive picture of misreporting in this population, total energy intake was compared with PA data for identification of possible UR and OR of energy intake. All analyses from the SOS dietary questionnaire (intake of energy, macronutrients and food groups) could then be performed either with all subjects included or with only adequate reporters (AR) included. The meal pattern questionnaire is a separate questionnaire without any measurable data such as energy intake, and hence without possibilities for classifying misreporters.
Individual energy expenditure from the PA questionnaire (EE q ) per day was estimated by using the equation: EE q ¼ MET-min/60 Â body weight (Pereira et al., 1997) þ estimated basal metabolic rate (BMR est ) using Schofield's equation (Schofield, 1985) . The subjects were then divided, girls and boys separately, into three equally large activity groups; low, medium and high activity level.
Within each activity group UR, AR and OR were identified. The confidence interval of reported energy intake divided by BMR est , in where the AR should be found, was calculated in each group by the Goldberg equation (Black, 2000) . PA level (PAL) was calculated from total energy expenditure (TEE acc ) measured in a subgroup by accelerometers (MTI, Fort Walton Beach, FL, USA), divided by BMR est . (Ekelund et al., 2003) . The mean PAL values in the activity groups, 1.45, 1.60 and 1.77 for girls and 1.57, 1.75 and 1.87 for boys, were considered to be valid for the whole sample and was thus used in the equations. The accelerometer output has previously been validated against the doubly labelled water method in children and adolescents (Ekelund et al., 2001 (Ekelund et al., , 2003 .
Statistical methods
All analyses were conducted in SPSS 11.5. As variables were not normally distributed, nonparametric tests, such as Mann-Whitney U-test and Spearman's correlation, were chosen. As nonparametric tests were used, mainly medians are presented in text and figures, except in meal pattern results where medians are not informative. For testing the difference in body fat% between the groups of UR, AR and OR, univariate ANOVA was used. All tests were considered statistically significant at Po0.05. Nine time periods were used to facilitate the analysis of time for meals. The presented dietary results on nutrient and food intake are based on AR only, unless other stated. As meal patterns were measured with a separate questionnaire unrelated to energy intake all subjects were included the meal patterns analyses.
The study was approved by the local Ethics Committee of Huddinge University Hospital. Informed consent was obtained from each mother and verbal consent was also ascertained from each child.
Results
Identification of misreporters
We found 16% suspected UR, 67% AR and 17% suspected OR among girls. Boys had a similar distribution with 13% UR, 68% AR and 19% OR. There were significant differences in mean BF% between the three groups: 32.9% (UR), 29.1% (AR) and 26.4% (OR) (Po0.001) in girls, and 25.0%, 15.7% and 12.6% (Po0.001), respectively, in boys. Analysing the associations between energy intake and %BF, BMI and weight (Table 2) showed that when all subjects were included, the correlations were negative or not significant. However, when the analyses were performed with AR only the correlations between energy intake and body weight were 0.23 (Po0.01) and 0.36 (Po0.001) for girls and boys, respectively. Corresponding figures for energy intake versus BMI were 0.16 (Po0.05) and 0.38 (Po0.001). BF% was not significantly correlated to energy intake in neither girls nor boys.
The median energy intake in both girls and boys was similar in AR only as in all subjects, see Table 3 , suggesting that over-reporting is as common as under-reporting in this population.
Macronutrients and food groups
Girls reported a significantly higher relative intake of complex carbohydrates and fibre than boys, while boys reported a significantly higher E% from fat than girls, as shown in Table 3 . Girls reported a higher relative intake of fruit and light meals than boys whereas boys reported a higher relative intake of milk than girls (Figure 1) . Table 4 shows correlations between degree of fatness (BF%) and intake of macronutrients, fibre and food groups. A low intake of milk was related to a high BF% in both girls and boys. In girls BF% was significantly correlated with monoand disaccharides, alcohol and fibre whereas in boys a high BF% was related to a low intake breakfast cereals. When including misreporters BF% also correlated with intake of sandwiches and cooked meals. However, the correlation between sugar intake and BF% was no longer significant in girls.
The correlation between BF% and all dietary parameters (macronutrients, food groups and meal pattern) has also been tested with PA as a controlling variable, with the same outcome as presented here.
Meal pattern and breakfast habits
Boys reported having more eating occasions per day than girls (4.9 vs 4.6, P ¼ 0.02), including main meals (2.0 vs 1.9, P ¼ 0.005), light meals/breakfast (1.3 vs 1.1, P ¼ 0.004) and snack meals (1.6 times/day in both girls and boys, NS). Drink meal frequency (not included in the total eating occasions) was 0.7 times/day in both girls and boys.
There were also temporal differences between girls and boys in their eating patterns. More boys than girls reported eating between 0600 and 1000 hours (98 vs 89%, P ¼ 0.001). Boys also tended to eat more late at night (2200 hoursmidnight) than girls (32 vs 12%, Po0.001). The few meals that occurred between midnight and 0600 hours (five meals out of 2234) were all taken by boys. In all other time periods there were no differences between the sexes. The temporal pattern is illustrated in Figure 2 .
In boys, but not in girls, a higher BF% was correlated with fewer eating occasions (r s ¼ À0.20, P ¼ 0.006). BF% was Figure 1 Gender differences in choices of different food groups (when including misreporters: no significant difference in milk intake, boys have significant higher intake of cooked meals and lower intake of sweet food items). *P-valueo0.5, **P-valueo0.01, ***P-valueo0.001 (Mann-Whitney U-test). other type of meal or time interval was associated with BF% in neither girls nor boys.
Presented with different options regarding usual breakfast habits (whole sample), 9.2% of the girls and 3.0% of the boys (P ¼ 0.008) claimed they on a typical day had only beverage for breakfast or no breakfast at all. In total, 60.8% of the girls and 70.4% of the boys (P ¼ 0.03) claimed they had breakfast every day. There was no statistically significant association between breakfast frequency and BF%, but girls who had breakfast often (5-7 times/week) reported a lower intake of sweet food items, salty snacks and nonalcoholic beverages compared to those who seldom had breakfast (0-4 times/ week) (Figure 3a) . In addition, they reported a larger intake of breakfast-related food items such as breakfast cereals and sandwiches. In boys the differences were less pronounced, although frequent breakfast-eaters (n ¼ 113) had a lower intake of fast food and breakfast cereals than those who had breakfast less often (Figure 3b) . Energy intake between the two breakfast groups did not differ in either girls or boys. Girls with a high breakfast frequency reported more total number of meals (4.7 vs 4.3, P ¼ 0.01), more light meals/ breakfast (1.2 vs 1.0, P ¼ 0.03) and less drinking occasions (0.6 vs 2.1, Po0.001) per day than those who seldom had breakfast. In boys the snack meal frequency differed between the groups (often breakfast: 1.6 vs seldom breakfast: 1.0, P ¼ 0.03).
Discussion
The aim of this study was to investigate the relationship between body fatness and food habits, with a gender perspective, and some significant relationships were found. A high BF% was associated with a low intake of milk in both girls and boys. In girls a high BF% was also associated with a low intake of sugar and a high intake of alcohol and fibre. As expected, boys reported a higher total energy intake than girls. The macronutrient composition and fibre intake also differed between the genders. Girls had a relatively larger intake of fibre and complex carbohydrates and a lower intake of fat than boys. The habit of skipping breakfast was related to unhealthy food choices, especially in girls, but it was not associated with body fatness. We also found that boys spread their meals more over the day (and night) than girls. To our knowledge, this pattern has not been reported previously.
The associations found between overweight and dietary habits in this study were few and rather weak. This is in line with other studies investigating the effect of diet on body weight among both adolescents (Alexy et al., 2004) and adults (Togo et al., 2001) . This can be interpreted in several ways. One explanation is the difficulty of obtaining valid information on dietary intake among especially adolescents (Livingstone et al., 2004) . Another explanation is that differences in dietary intake patterns between lean and overweight in fact are quite small and that existing dietary Figure 2 Gender differences in temporal distribution of meals. The percentage of girls and boys having at least one meal in different time intervals. A meal here is a main meal, a light meal/breakfast or a snack meal. Drink meals are not included. **P-value o0.01, ***Pvalue o0.001 (Mann-Whitney U-test). other beverages Figure 3 (a) Differences between two breakfast frequency groups in the intake of different food groups among girls. (No discrepancies when including misreporters.) *P-value o0.05, ***P-value ¼ 0.001 (Mann-Whitney U-test). (b) Differences between two breakfast frequency groups in the intake of different food groups among boys (When including misreporters: no significant difference in fast food intake, the difference in beverage intake is significant). *P-value o0.05 (Mann-Whitney U-test).
Eating habits in adolescents K Vågstrand et al assessment methods are not accurate enough to detect these differences. Normally, it takes a long time to develop overweight and the difference in energy intake between overweight and normal weight subjects could be much lower than 100 kcal/day, figures that hardly could be detected by a questionnaire in a cross-sectional study.
One explanation for the positive correlation found between BF% and fibre intake and the negative correlation for sugar intake and BF%, could be that overweight girls are more weight conscious than leaner girls. In order to control their body weight they might tend to choose healthier foods, such as food items high in fibre and low in sugar. The relationship between high milk intake and low weight has also been noticed in large epidemiological studies (Pereira et al., 2002; Jacqmain et al., 2003) . Mechanisms for this effect have been suggested to relate to the fact that intracellular calcium has a key role in regulating adipocyte lipid metabolism (Zemel, 2002) .
It could be expected that unhealthy foods such as candies, chocolate, salty snacks and sweetened beverages, might be related to a high degree of body fatness, but no such relationships were found in our study. The intake of these food groups was high among most adolescents in SWEDES, regardless of weight. The consumption of beverages (carbonated soft drinks, fruit drinks and juice) in Sweden has earlier been reported to be 423 g per day in girls and 552 g in boys (17-24 years) (Becker and Pearson, 1997) . In SWEDES we found the intake to be much higher; 670 and 910 g (girls/ boys), which is close to the average consumption in USA of 715 and 1006 g (girls/boys, 12-19 years) (Forshee and Storey, 2003) . However, the relation between sugar-sweetened beverages and childhood obesity shown in American prospective (Ludwig et al., 2001) and cross-sectional studies (Nicklas et al., 1998) was not found in our study. A result that is in agreement with others (Forshee and Storey, 2003) .
The overall pattern of the macronutrient intake here are similar to other Swedish studies (Bergström et al., 1993; Samuelson et al., 1996; Becker and Pearson, 1997; Larsson and Johansson, 2002; Sjöberg et al., 2003) , but there are some important differences. Firstly, we found a higher proportion of the total energy intake from protein and fat than the previous studies. Secondly, the gender differences seem to be larger in our study. Girls reported a larger proportion of their energy intake from fruit and sweets compared to boys, whereas boys reported more cooked meals than girls. These results are similar to the results of other studies (Crawley, 1993; Samuelson et al., 1996; Becker and Pearson, 1997) .
Several investigators have suggested an inverse or no relationship between meal frequency and BMI (Fábry and Tepperman, 1970; Edelstein et al., 1992; Summerbell et al., 1996) . However, (Summerbell et al. (1996) found that the association between a high meal frequency and a low BMI disappeared when they excluded suspected UR, suggesting that overweight people have a tendency to under-report the number of meals. It is possible that overweight people have a higher meal frequency than previously been reported and that a positive relationship between overweight and meal frequency would be found if under-reporting could be avoided. The present study used a retrospective and simple method that may capture meal frequency better than more traditional dietary assessment methods. A recent study, using the same questionnaire as we did, found that obese women have a higher meal frequency than a reference group (Berteus Forslund et al., 2002) . In the present study, although, there was a negative correlation in boys between the total number of meals and BF%, even when misreporters where excluded, which might support the hypothesis that obesity is associated with fewer meals. On the other hand, many adolescent boys have large energy requirements, due to growth and PA, which could explain why leaner boys have a larger number of meals per day than the more overweight boys. Furthermore, we cannot exclude that boys with a higher BF% under-reported their meal frequency.
We also found differences in food habits between those who often had breakfast and those who seldom had breakfast, especially among girls. A similar, but a less pronounced pattern, was also seen in boys. Some of these results were quite obvious, like the relatively higher intake of breakfastrelated foods such as sandwiches and breakfast cereals among frequent breakfast-eaters. More interesting are the differences in the E% from sweet food items, salty snacks and beverages, indicating that breakfast-eaters might have a healthier lifestyle than their peers, even though their breakfast habits were not related to BF%. Associations between poor breakfast habits and an unhealthy lifestyle have previously been reported among Swedish adolescents (Höglund et al., 1998; Sjöberg, 2004) .
A weakness with the dietary questionnaire used in this study is the low precision, as shown earlier by the low correlation between reported energy intake and measured energy expenditure with the doubly labelled water method in adolescents (Lindroos et al., 1995) . Other methods, such as 7-day dietary records and dietary history interviews, have a higher precision but systematic under-reporting is common. A Swedish study (Larsson and Johansson, 2002) showed a mean reported intake of 9.2 MJ for girls and 13.2 MJ for boys (aged 16-20 years) using dietary history interviews. With doubly labelled water technique they found an energy expenditure of 10.3 MJ for girls and 15.5 MJ for boys, which is very close to our result, both in numbers and in gender difference.
As reporting bias is a major problem in nutritional research, it is important to find ways of validating the data. There exist no method that correctly classifies AR and misreporters, and there are of course weaknesses in the method used in the present study. The Goldberg cutoff has poor sensitivity at the individual level and only extreme degree of misreporting can be identified (Black, 2000) . We have tried to improve the quality in this method by using accelerometer for more correct PAL-values, and also by using large margins in the confidence intervals to adjust for the uncertainties in the questionnaires. The results in Table 2 suggest that we have identified misreporters fairly well, since total energy intake became significantly associated with body weight when the misreporters were excluded from the analysis. However, the classification is based on total energy intake and we do not know whether the food intake was proportionally misreported or whether certain foods were misreported to a larger extent than other foods. However, based on the correctness of total energy intake, it is plausible that AR-subjects report more adequate in all aspects of the diet.
It is interesting to notice that, when comparing the results from the whole sample with results from the group of AR (AR only), the differences between the two sets were generally quite small. The most striking discrepancies between the correlations of AR and of the whole sample were the sugar intake in girls and the intake of cooked meals in boys. These discrepancies might give us some indication about which parts of the diet that are extra subjected to misreporting, but we cannot draw any real conclusions from this, except how difficult it is to get a correct set of dietary data.
In summary, the gender differences found in this study seem to be similar to previously reported. An observation not described before is that boys seem to spread their meal occasions over the day more than girls. Breakfast habits were not related to body fatness, but there was a relation between a low breakfast frequency and a tendency to choose unhealthy food. Milk intake was negatively associated with BF% in both girls and boys, but associations between food habits and body fatness were generally small. Excluding UR and OR of energy intake did not change the overall result, suggesting that it is the quantity rather than the quality of the diet that is affected by misreporting in our study.
